Key words: haemodialysis; homocysteine; renal failure Background. The high prevalence of hyperhomocysteinaemia in uraemic patients is of interest because of the cardiovascular risk associated with increased plasma Introduction total homocysteine (tHcy) concentration. Treatment with folic acid lowers tHcy in haemodialysis patients, Hyperhomocysteinaemia is an independent cardiovashowever, in most patients not to normohomocystein-cular risk factor according to a steadily increasing aemic levels. With possible tHcy-lowering modifica-number of studies [1][2][3][4][5][6]. Although homocysteine tions in mind, we studied the influence of standard (Hcy) probably plays a causative role in the atherohaemodialysis on tHcy.
Reykjavik and the University Hospital in Lund, as well as Folate concentrations, in blood, as well as in serum, and serum cobalamine concentrations were analysed by radiofrom Park Dialys, Lund. There were 52 males and 18 females of the mean age of 65±15 years. The patients received assays using purified intrinsic factor and purified folatebinding protein (vitamin B 12 folate dual RIA kit, Amersham bicarbonate dialysis with low-flux dialysers 4-5 h three times a week. Folic acid 5 mg daily and pyridoxine 5 mg daily were International, Amersham, UK ). The reference interval for blood folate concentrations was 125-500 nmol/l and for prescribed to all patients.
cobalamine concentrations was 110-650 pmol/l. Serum urea and creatinine concentrations were measured Procedure by enzymatic methods and serum albumin concentrations by using the Bromocresol Green method. Blood sampling was performed before a mid-week dialysis in all patients. The blood was collected for routine analysis of the concentrations of blood folate, serum cobalamine and Statistical methods serum albumin. A sample, drawn in an EDTA-containing test tube, was placed directly on ice and centrifuged within Data are presented as means±SD except in the small subhalf an hour. The plasma was stored at −20°C for analysis groups where they are presented as medians (ranges). of tHcy in one series.
Nonparametrical statistical methods were used because of All urine between the end of the mid-week dialysis session the skewed distribution of tHcy. The Mann-Whitney U-test and the start of the subsequent session was collected. Serum was applied to study differences between groups and the urea and creatinine concentrations were determined in Wilcoxon's rank test for the paired case for differences within samples drawn at the beginning and end of the collection groups. Relationships between variables were tested by the period and the mean concentrations were then calculated. Spearman rank correlation test. Multiple linear regression Residual urea and creatinine clearances were calculated analysis was applied to test the independency of the relationaccording to the formula:
ships between tHcy and the variables of dialysis adequacy. Before inclusion into the multiple regression analysis, tHcy Residual clearance=urine volume (ml )×urine concentration/ was log transformed. A P-value of less than 0.05 was time (min)×mean serum concentration.
considered to reflect statistical significance. Serum urea concentration was analysed in samples drawn before and after the mid-week dialysis and before the subsequent dialysis. Single-pool Kt/V was then estimated accord- higher than 1500 nmol/l, which in our clinical experiNormalized protein catabolic rate (nPCR) was calculated ence is compatible with a regular intake of 5 mg of from the predialytic serum urea concentration and Kt/V [20] . folic acid daily. Fourteen patients had much lower 
Results

P<0.05).
In five patients, samples for analysis of tHcy were collected before and after a mid-week dialysis. During this dialysis Mean serum concentrations of albumin and cobalamixed and incubated for 15 min at 37°C. Thereafter, 100 ml mines were 445±368 pmol/l and 35±6 g/l, respect-10% sulphosalicylic acid was added and the mixture was ively. Sixteen patients had residual renal function, i.e. kept at 4°C for 30 min and then centrifuged at 4000×g, 4°C, creatinine clearances ranging from 0.3 to 6.3 ml/min for 10 min. The supernatant (80 ml ) was analysed. The whereas 35 patients were anuric (renal function was detection limit for Hcy in dialysate was 0.05 mmol/l (defined not known in five patients). There was no significant as a signal-to-noise ratio>5). To test the influence of matrix difference in tHcy between those who were anuric and differences in dialysate and the calibration sample, Hcy was those who had residual renal function (22.5±17.6 vs added to dialysate. The recoveries were between 96 and 102%. Interassay precision was 8% at 1.0 mmol/l.
Results in folate-loaded patients
19.4±6.2 mmol/l ). Kt/V of treatment was 1.35±0.32, lamine concentration tended to (r=−0.28, P=0.086). tHcy correlated neither with age nor residual renal function. nutrition associated with adequate dialysis is of greater importance for tHcy than the dialysis-induced removal tHcy before and after dialysis of Hcy. Indeed, a relatively small amount of Hcy was In 11 representative patients, tHcy was 24.0± recovered in dialysate. However, in contrast to the 9.3 mmol/l before and 17.3±6.3 mmol/l after a haemo-immediate postdialytic rise of serum creatinine concendialysis session. Thus, dialysis induced a significant trations, the tHcy curve was flat for at least 8 h after reduction in tHcy of 28±14% (P<0.05). There was a dialysis possibly due to the elimination of inhibitors of direct correlation between the tHcy before and after enzymes catalysing Hcy removal. dialysis (r=0.83, P<0.05) but not between tHcy and Adenosylmethionine, the principal methyl donor in the reductions in tHcy induced by dialysis. mammals, is the immediate precursor of Hcy. After a The median values of interdialytic tHcy and serum methyl transfer reaction, adenosyl-Hcy is hydrolysed creatinine concentrations, obtained in six patients, are to Hcy and adenoside. The liver is probably the main shown in Table 1 . After dialysis, the tHcy curve was site of this process [22] . In healthy individuals, Hcy flat for at least 8 h, in contrast to the creatinine production is around 20 000 mmol/day [23] of which concentration curve. Serum concentrations of folate roughly 1200 mmol/day is exported to the plasma and cobalamines decreased slightly after dialysis (data [24] . Only about 10 mmol/day of Hcy are excreted not shown) but there was no relation between these unchanged in urine [15] indicating cellular reuptake changes and those of tHcy.
and metabolism as the main plasma removal mechanism. The site of elimination of Hcy is uncertain but the necessary enzymes are found mainly in hepatocytes Amount of Hcy in dialysate and renal proximal tubular cells [25, 26 ] . Hcy is either The amount of Hcy in dialysate was 63 mmol irreversibly broken down via the transsulphuration (12-158 mmol ). The individual values of the amount pathway or remethylated back to methionine. Many of Hcy in dialysate, the predialytic tHcy and the enzymes are involved in these processes and the waterdialysis-induced decrease in tHcy in five patients are soluble vitamins B 6 , B 12 and folic acid are precursors given in Table 2. of necessary cofactors or substrates for these enzymes. tHcy correlates inversely with glomerular filtration rate [27] and in haemodialysis patients, tHcy is roughly Discussion threefold that of the general population [11] . The elimination of Hcy is slow in renal failure [28] but the tHcy correlated directly with Kt/V, nPCR and serum exact mechanism behind the uraemic hyperhomocysteialbumin concentrations suggesting that the improved naemia is not known. The inhibition of enzyme(s) of Hcy removal by uraemic toxins is a potential explana- Table 1 . Plasma total homocysteine concentrations (tHcy) and tion [11, 15] . serum creatinine concentrations before a mid-week haemodialysis
In the present study, all the participants had a blood session and at several time-points after this dialysis session in six patients. Data are are given as medians (ranges) folate concentration threefold higher than the upper reference limit and a serum cobalamine concentration
within the normal range. They were also supplemented with pyridoxine. We assumed that the study subjects were optimally or almost optimally supplemented with albumin and cobalamine concentrations. However, a such data, the most effective tHcy-lowering approach is probably to ascertain that the patients are adhering multiple linear regression analysis revealed that only serum albumin concentration independently predicted to their prescribed medication. In the present study, we actually found that 20% of the patients were not tHcy. These data indicate the improved nutrition associated with a larger dose of dialysis resulting in a compliant regarding the intake of folic acid as judged by blood folate concentrations and supported by their higher serum albumin concentration which, in turn, leads to increased tHcy probably due to the extensive significantly higher tHcy as compared with the other patients. protein binding of Hcy. In contrast, Bostom et al. [29] found no relationship between urea reduction ratios and tHcy in haemodialysis patients with widely ranging folate concentrations.
